Promoting pro-environmental travel modes is an important strategy for sustainable transportation. Previous studies have shown a positive relationship between environmental awareness and environmentally friendly travel modes, but very few studies have considered pro-environmental behaviour and choice of travel mode, particularly in the context of non-Western countries. This study examines the impact of pro-environmental behaviour on the choice of commuting mode in Tokyo, Beijing, Shanghai and Singapore using original survey data. We use the Multiple Indicator Multiple Cause model to construct latent variables of environmentally friendly behaviours. The multinomial logistic regression results indicate that 1) pro-environmental activities and commuting mode choice are unrelated in Tokyo and Singapore, 2) recycling and energy-savings activities are positively related to commuting by bicycle/on foot in Beijing, and 3) participants in organized pro-environmental activities are less likely to use pro-environmental commuting modes in Beijing and Shanghai. The results provide supporting evidence of the habit discontinuity hypothesis and suggest a possible substitution effect between environmentally friendly travel mode choice and other environmental activities.
Introduction
Understanding transportation mode choices is important for policy makers and transportation planners to assess, forecast and control travel demand and supply. Recent studies have increasingly highlighted the importance of sustainable transportation, as rapid urbanization has increased the severity of road congestion and air pollution (Gardner and Abraham, 2010; Lind et al., 2015) . The shift to environmentally friendly transportation is one of the main countermeasures to environmental damage, and the viability and strategy of such a shift have been widely discussed (e.g., Schneider, 2013; Kim and Ulfarsson, 2008; Tamaki et al., 2019; Nakamura et al., 2019) . Previous research findings suggest that understanding people's travel mode choices is crucial for predicting the effectiveness of policies on transportation and environmental sustainability as well as the impact of new technological developments in related fields.
In these days, researchers have paid attention to how to realize sustainability in supply chain management (Pagell and Shevchenko, 2014; Marshall et al., 2015; Irani et al., 2017; Dubey et al., 2017; Hong et al., 2018) . Lee (2011) suggested that reducing Scope 3 emissions is more cost-effective for companies than reduction in direct or electricity related indirect emissions. Here Scope 3 emissions are all indirect emissions that occur in the value chain of the reporting company, including both upstream and downstream emissions. Harangozo and Szigeti (2017) mentioned that Scope 3 emissions are frequently ignored by companies despite the findings that Scope 3 occupies the largest share of corporate carbon footprints (Stein and Khare, 2009; Matthews et al., 2008) .
The modal shift to environmentally friendly travel modes are also related to supply chain management, especially in terms of employees' commuting from residence to workplace. According to the Greenhouse Gas Protocol (World Business Council For We consider energy-savings activities and participation in environmentally friendly activities organized by the government, corporations or other organizations in addition to recycling behaviour to test the relationship between environmental actions and travel mode choice. The results provide comparative evidence with both previous studies' examinations that have only focused on environmental attitudes towards travel.
For the target cities, we elucidate the impacts of differences in the development of transportation systems and environmental preferences on environmentally friendly travel behaviour. We use the Multiple Indicator Multiple Cause (MIMIC) model introduced by Bollen (1989) to construct latent variables of environmental friendliness from subjective indicators, and we use multinomial logistic (MNL) regression to analyze the impact of mode choice factors on three commuting modes: car, public transportation (PT), and bicycle/on foot, or active travel (AT).
Cross-city comparisons enable us to assess possible variations in the relationships and to examine theoretical frameworks that may affect the linkage between environmental preferences and travel mode choice. Travel behaviour is determined by region-specific social and moral norms that heavily depend on the social context Chan and Bishop, 2013) . Hence, we should proceed with caution when generalizing previous results to the target cities. The implications of the 'habit discontinuity hypothesis' and the 'self-activation hypothesis' suggest possible variations between cities in developed countries and those in developing countries. Klöckner and Matthies (2004) indicated that 'habit' is a significant predictor of mode choice, and when habits are disrupted by changes in the environment where the behaviour takes place, environmental concerns become relatively more prominent determinants of travel mode choice (Verplanken & Wood, 2006; Wood et al., 2005; Verplanken et al., 2008) . The 'self-activation hypothesis' suggests that disruptions of habits caused by a changing environment can act as a trigger to activate certain values contained in individuals' 'self-concept', and these activated values in turn affect behaviour (Utz, 2004; Verplanken & Holland, 2002) .
We examine whether there is difference between Tokyo and Singapore, which have relatively little habit discontinuity in terms of changes in transportation infrastructure and in the availability of travel modes compared to Beijing and Shanghai, where the transportation environments are rapidly changing. Furthermore, even if we find statistically significant relationships between pro-environmental travel mode choice and other environmental activities, the direction of the relationship may not necessarily be positive. Johansson et al. (2006) have suggested that pro-environmental travel mode choice and other environmental behaviours may act as either complements or substitutes of each other.
The rest of this paper is structured as follows. Section 2 describes the survey data, and section 3 explains the method used in the empirical analysis. Section 4 discusses the results and concludes.
Data
We use original data from an Internet survey that we conducted in 2015-2016 in Japan, This study focuses on three categories of travel mode: (1) car, (2) PT, and (3) AT. Respondents were asked to select all the travel modes they use for commuting: car, motorcycle, bicycle, bus, train, on foot and other. We excluded motorcycle commuters because of the limited number of observations. We categorized respondents as car users if they only use a car for commuting and if they use a car as their main commuting mode if they selected multiple modes. Train and/or bus commuters are classified as PT users. Similarly, we combined the respondents who selected bicycle and/or walking and categorized them as AT users. Table 1 describes the prevalence of the different commuting mode groups in the examined cities and shows that the distributions significantly vary across cities. PT is the most common commuting mode in Tokyo and Singapore, while car travel is the most common mode in Beijing and in Shanghai. AT commuters constitute the smallest share in all cities except in Tokyo, where cars have the smallest share. Respondents were asked to select all actions that they have taken or participated in out of thirteen available options (see Table A .1 for the details). Table 2 shows the share of respondents who selected each action. We use these responses as indicator variables of environmental behaviour in order to construct latent variables of environmental preferences. In addition to environmental perception variables, we control for several individual characteristics. 
Empirical analysis
Methodological advances in the 1970s led to the development of disaggregate behavioural models based on discrete choice analysis methods, and these powerful tools are used to analyze travel mode choices and transportation demand management at the individual level (McFadden, 1973; Domencich and McFadden, 1975; McFadden, 2000) .
The hypothesis underlying the choice model is that an individual selects the mode that provides the highest utility among a set of alternatives. In conventional empirical analyses of mode choice, this utility is a function of modal attributes, such as travel time and cost, and socio-demographic variables, such as income, gender and the number of household members (Ben-Akiva and Lerman, 1985) . The hybrid choice model additionally includes travelers' subjective perceptions and their attitudes toward travel modes as determinants in addition to the objective factors that are included in conventional discrete choice models (Ben-Akiva et al., 2002a) .
The simplest approach to incorporating subjective dimensions into a discrete choice model is to directly include subjective explanatory variables (e.g., Harris and Keane, 1998) Johansson et al. (2006) found that subjective attitudes and personality traits had statistically significant effects and improved the explanatory power of the choice model.
Integrated Choice and MIMIC model
Several subsequent studies analyzed the impact of subjective latent factors constructed using a MIMIC model (Yáñez et al., 2010; Raveau et al., 2012; Paulssen et al., 2014; Fernández-Heredia et al., 2016) . We use the MIMIC model to estimate the latent variables underlying the indicator variables of environmental behaviour. This model simultaneously estimates two equations. One is a structural equation, * = + (1)
where the latent variables η* are explained by characteristics s of individuals and alternatives, Γ is a matrix of unknown parameters, and ν is a vector of normally distributed disturbances. The other is a measurement equation, where the latent variables explain the perception indicators y, Λ is a matrix of unknown parameters, and ζ is a vector of normally distributed disturbances.
The sequential method and the simultaneous method can both be used to estimate the effect of latent variable on mode choices, but we use the sequential method because of its simplicity. The utility function of the discrete choice model includes latent variables constructed using the MIMIC model:
where uj * is latent utility for mode j (j ∊ J), x is a vector of observable explanatory variables, θj and βj are arrays of unknown parameters, and εj is a random component of utility. The equations of the observable choice are also needed:
where dj is the dummy variables of choosing mode j. A commuter chooses the mode that maximizes his/her utility.
The results of the MIMIC model
Many studies that applied to MIMIC model have hypothesized that the latent awareness towards modal choice is determined from sociodemographic characteristics such as age, gender and household income. We followed these previous studies and set the specification of structural equation (1) 
= daily action at home, external activity participation,
where i refers to the respondents. Gender, age, household income, educational attainment, the number of children and residential type are the determinants of latent variables. Tables 3 and 4 Commuters with children are also likely to take environmentally friendly action, except in the case of Beijing, where having children decreases the likelihood of engaging in the actions associated with ηhome. With the exception of commuters in Singapore, commuters residing in a rented apartment/mansion are more likely to engage in the proenvironmental actions associated with ηhome but are less likely to participate in the environmental activities associated with ηexternal. These differences across the cities may be due to differences in people's lifestyles and personalities. 
Note: Maximum likelihood estimator. z-statistics in parentheses. Only significant coefficients are shown.
Choice of commuting mode
We then include the latent variable estimate with the MIMIC model in the discrete choice model, as in the following equation: * = 1 home, * + 2 external, * + + = car, PT, active travel (bicycle/ on foot).
(6)
We use an MNL model to estimate equation (6) for each city. The MNL model is the most common method for estimating mode choice models (e.g., Bueno et al., 2017) . The dependent variable is a categorical variable of three commuting modes: car,
PT, and AT. The main explanatory variables are two latent variables, ηhome and ηexternal, that measure the propensity to take pro-environmental action. We also control the set of variables, X, which consists of gender, age, log (household income), years of education, number of children, type of dwelling, marital status, type of industry, factors of personality and the area dummies of residences. We calculate the marginal effect from the coefficients of the explanatory variables of the model in order to estimate the effect on the predicted probabilities for choosing each commuting mode. ranges from 0 to 1 and is the most frequently used in empirical studies (Veall and Zimmermann, 1996) .
The results of the choice model
The results of specification (2) 
(1)
(1) Table 7 shows the results. In Beijing, compared with commuters with ηhome =0, commuters with an average value of ηhome are 11.0% more likely to choose AT, and those with an average value of ηexternal are 3.2% less likely to choose AT. Nevertheless, the impact of a one-standard-deviation increase in the latent variables is larger for ηexternal than for ηhome.
In terms of the effects of control variables, the results of marginal effects indicate that commuters with a higher household income and more years of education are more likely to commute by PT in Tokyo, although household income does not have a significant coefficient on choosing PT over car travel despite the significant impact of household income on the likelihood of choosing a car as a commuting mode in the other cities. This result may imply that upper-class commuters in Tokyo do not think of a car as a symbol and prefer to use PT, which is a convenient, cost-saving and highly developed travel mode. -0.001 -0.002 0.000 0.000 0.000 0.000 -0.001 -0.001 (-1.12) (-1.28) (0.02) (0.02) (0.46) (0.24) (-0.70) (-0.62) ln(Household income) -0.086*** -0.086*** -0.019 -0.038*** -0.027*** -0.024*** -0.025 -0.026 (-4.07) (-4.05) (-1.62) (-3.08) (-3.18) (-2.79) (-1.52) (-1.53) Education -0.009 -0.009 -0.003 -0.002 -0.006** -0.005* -0.010** -0.010** (-1.37) (- 
Discussion
This paper analyzed the relationship between pro-environmental behaviour and commuting mode in four Asian megacities: Tokyo, Beijing, Shanghai and Singapore.
Overall, the results show varying relationships between environmental preferences and travel mode choice among the studied cities. The results indicate that pro-environmental preferences do not universally increase the likelihood of choosing environmentally friendly travel modes.
The comparative results emphasize the importance of city-based analyses.
Despite the robust positive relation between pro-environmental preferences and environmentally friendly travel mode choices in European cities, we do not find a similar significant relationship in Tokyo and Singapore, both of which are among the most developed cities in the world. These results provide supporting evidence of habit discontinuity and self-activation in Beijing and Shanghai, where changes in the transportation infrastructure and in the availability of travel modes are changing rapidly.
As suggested by Verplanken et al. (2008) , when habits are disrupted by changes in the environment where the behaviour takes place, environmental concerns become relatively more prominent determinants of travel mode choice (Verplanken & Wood, 2006; Wood et al., 2005) . Indeed, the share of respondents who had experienced new access to urban infrastructure within six months of the survey date in Beijing and
Shanghai was approximately three times higher than that of Tokyo and Singapore (9.5%
in Beijing and 10.9% in Shanghai, compared with 3.7% in Tokyo and 2.8% in Singapore).
The results show that (1) commuters who engage in environmentally friendly actions, such as recycling and energy saving, have a higher likelihood of commuting by bicycle/on foot in Beijing, and (2) commuters who participate in environmental activities organized by the government, corporations or other organizations are less likely to use environmentally friendly commuting modes in Beijing and Shanghai. The former result of a positive relationship between environmentally friendly household actions and a pro-environment travel mode choice is consistent with previous findings (Johansson et al, 2006) . However, the latter result suggests a possible substitution effect rather than complementarity for participation in organized pro-environment activities and pro-environment travel mode choices. Pro-environmental activities that are embedded in daily home activities could be complementary to environmentally friendly travel mode choices, but other activities that are organized by external organizations seem to act as a substitute in some cases.
The contribution of our study is to shed light on the existence of substitutive effects between eco-friendly actions, which have been ignored due to the assumption that previous studies have made. Most of the previous studies have focused on environmental awareness only towards travel behaviour and not focused on environmental attitudes towards other eco-friendly actions (e.g. Schwanen and Mokhtarian 2005; Gardner and Abraham, 2010; Klöckner and Blöbaum, 2010; Lind et al., 2015) . Our results implied that in addition to environmental awareness towards transport, other environmental behaviours have to be recognized as determinants of modal choice towards sustainable transportation.
Our results emphasized the importance of focusing on the difference in the types of environmentally friendly actions, rather than the difference in cities. While daily environmental actions at home show positive relation to environmentally friendly modal choice in both the previous study (Johansson et al, 2006) and this study, we originally found the negative relationship between external environmental activities in Beijing and
Shanghai. This implied that there may exist the substitution between costly environmental activities and eco-friendly travel mode choice among commuters also in Western countries, which have been ignored among previous studies focusing on Western cities. Further analysis is needed to investigate the difference in areas and difference in types of activities simultaneously.
Due to the possible existence of the substitution effects, some CSR activities such as afforestation might discourage eco-friendly commuting among employees. One of the effective solution is offering employees an incentive to commute by using environmentally friendly travel modes, which is represented by commuting allowance for using green transportation. Suzuki and Nakamura (2017) focused on commuting allowance for cyclists and, however, found that the reduction in CO2 emission by the commuting allowance was small. Building an effective financial support system for green commuting is still on the way. On the other hand, peak hour avoidance (PHA) is recognized as another way that can address this issue. The aim of PHA is at offering car commuters incentives for not driving during peak hours. Supporting PHA is recognized to improve environmental situation through reducing congestion, which can reduce greenhouse gas emissions (Noordegraaf and Annema, 2012; Kenworthy, 2008) .
Although Scope 3 is a broad concept and there are difficulties in calculating all of the amount of Scope 3 emissions precisely, reporting the Scope 3 has been gradually widespread among companies. Moreover, it has been implicated that promoting employees' greener commuting improves environmental quality through reducing Scope 3 emissions (Onat et al., 2014; Stein and Khare, 2009; Matthews et al., 2008) . To realize sustainable supply chain management efficiently, we need to be more concerned about reduction in Scope 3 emissions.
This study has several limitations that future studies may address. We found robust differences in the results on pro-environmental activities and commuting modes across the examined cities, but the set of indicators we used to construct the latent variables in the choice model differed from that of previous studies that focused on different cities and regions. If it is possible that the results are sensitive to the set of indicators of environmental perception that we used, then survey data from various cities and regions with a common set of indicators are needed to further check the reliability of the results and to determine whether the relationships between subjective environmental factors and environmental friendly mode choices are systematic.
The sample size of our analytical data is relatively smaller than common empirical studies. Generally, smaller sample size causes lower statistical power, which means that the results are more likely to show no significant difference even if there is difference in reality (Vergouwe et al, 2005; Björklund and Swärdh, 2017) . In addition, small sample size in logistic regression may overestimate the effects of explanatory variables. Long et al. (1997) enhance the preciseness of travel demand forecasting. Such an effort could also help policy makers and planners on the ground to analyze and clarify the ways to control travel demand by stimulating people's subjective preferences and improving people's utility by improving transportation systems to meet their preferences. 
